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Preface

The International Sympasium on Biotic Stress of Barley in Arid and
Semi-Arid Environments was held in Big Sky, Montana from July 30th
through August 2nd, 1990. The symposium was a culmination of a cooper-
ative agreement linking USAID, ICARDA (International Center for Agricul-
tural Research in Dry Areas), and Montana State University. The agreement
and subsequent symposium addressed the role of biotic stresses in barley
and methods of prevention.

These proceedings consist of reports which were presented at the
symposium to further the exchange of ideas and information among
research workers. Consequently, responsibility for statements rests with
the author(s). Before quoting any statements, the author(s) involved should
be contacted.

To the authors and to all others who contributed to the success of this
symposium, the planning committee extends its appreciation.

Jack Riesselman
Planning Committee Chairman
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UTILIZATION OF BARLEY LANDRACES IN A BREEDING PROGRAM
S. Grando' and R.J. McGee’

' The International Center for Agricultural Research in the Dry
, Areas, P.O. Box 5466, Aleppo, Syria.
Department of Plant Pathology, Montana State University,
Bozeman, MT.

Introduction

Barley evolved in West Asia, where it has been grown since the
beginning of settled agriculture (Harlan, 1975a). The area is
characterized by abiotic stresses such as drought, cold, heat, and
salinity. This, together with low soil fertlllty and low 1nput
practlces of traditional agrlculture results in low productivity.
Barley is the predominant crop in this region, farmers use it
primarily as animal feed and utilize both the grain and the straw
(Ceccarelli, 1984; Ceccarelli et al., 1987). Landraces are still
widely grown in many of these areas. Farmers value their stability
of performances, feeding quality and productivity. Additionally, it
has proven to be difficult to outyield them with modern cultivars.
Landraces are the dynamic product of millennia of complex
interactions of natural and artificial selection, isolation and
migration and seed exchanges. They have been tested by time and are
adapted to a localized area. Selection pressures were exerted for
hardiness and dependability, rather than high productivity. Aas
Harlan (1975b) points out:

'Land races have a certain genetic integrity. They are
recognizable morphologically; farmers have names for them
and different land races are understood to differ in
adaptation to soil type, time of seeding,
date of maturity, height, nutritive value, use and cther
properties. Most important, they are genetically diverse.
Such balanced populations - variable, in equilibrium with
both environment and pathogens, and genetically dynamic
- are our heritage from past generations of cultivators.'

The genetic variability of landraces provides an insurance against
hazards. A landrace usually yields something, despite the sometimes
extreme biotic and abiotic stresses it encounters in the majority
of the years. In traditional agricultural system, high yields have
never been necessary, but dependability is. Landraces may not yield
much vy our modern standards, but they do yield something and will
keep the farmer alive until next crop.



Although landraces were not selected primarily for high
productivity, they were not selected solely for survival. They may
contain high producing components as evidenced by the selection
from landraces of our first advanced cultivars at the turn of the
century (Frankel and Soule', 1981). Until about 50 years ago
landraces were the primary sources of material for genetic
improvement. At that time, they started being replaced by modern
cultivars, unfortunately before their potential had been fully
explored and/or exp101ted Many, if not most, breeders concentrated
on the use of superior lines derived from landraces resulting in an
erosion of the adapted germplasm. This erosion has two facets: the
use of relatively few parents with the concomitant reduction in
genetic diversity and the replacement of landrace populations
before they could be collected, assessed, and conserved in
germplasm banks. This narrowing of th2 genetic base has been a
common feature of many plant breesding programs and has been
accompanied by a trend towards homogeneity: one clone, one pure
line, one hybrid (Simmonds, 1983). A very common attitude of modern
breeders is to neglect locally ad. bted germplasm on the base that
it is susceptible to biotic stresses, mainly diseases, and it has
a low yield potential. While this is to a large extent true when
landraces are evaluated as populations, and when they are grown
under optimum climatic and edaphic conditions, it is no longer
necessarily true when individual genotypes extracted from landraces
are evaluateu (Ceccarelli et al., 1987; van Leur et al., 1989).

Use of barley landraces at ICARDA

The major objectives of both the ICARDA barley breeding project for
low rainfall areas and the MSU-USAID barley project have been to
increase yield stability by decreasing the frequency of crop
failure. The environments of West Asia and North Africa (WANA
region) are characterized by 1low yields due to unpredictable
variability of the frequency, timing, severity, and duration of
abiotic stresses. The low yields are predictable, their causes are
not. When working in arid and semi-arid areas where adapted
germplasm (both landraces and wild progenitor i.e. Hordeum
spontaneum) is available, its incorporation into the breeding
program may be central to the success of the program (Ceccarelli,
1984; Ceccarelli and Mekni, 1985).

Landraces were not used in a systematic fashion in the ICARDA
barley breeding project until 1984 (Ceccarelli, 1984), although
preliminary data on a very small sample from an extensive
collection of material from Syria and Jordan (Weltzien, 1982) were
extremely promising. The procedure for utilizing the material of
this collection was first to assess the amount of genetic variation
for agronomic and morphological characteristics and secondly to
determine the extent of genetic diversity within the landraces that
was useful for breeding purposes. Attention was focused primarily
on Arabi Abiad and Arabi Aswad - the two barley landraces widely
grown in Syria.



In 1984-85 single-head progenies were evaluated for agronomic,
morphological, and quality characteristics as well as for
resistance to several diseases. A large and useful amount of
genetic variation was found both within and between populations for
a large number of traits (Ceccarelli et al., 1987; van Leur et al.,
1989). The next question was how to utilize it. The role of
landraces in a breeding program falls into two broad categories: 1.
utilization as donor of genetic material; 2. utilization as source
of information which can help us to answer some guestions central
to adaptation.

1. Landraces as donor of genetic material

There are different ways by which landraces can be utilized as
donors of genetic material. The first and by far the fastest and
the cheapest is simply the pure line selection within landraces. An
example of the potential of this approach is given by Tadmor, a
pure line that was selected out of Arabi Aswad, the black seeded
Syrian landrace. Tadmor has been tested together with Arabi Aswad
over a period of four years (from 1985/86 to 1988/89) in on-farm
trials at 25 locations in areas of Syria receiving less than 250 mm
annual rainfall (long term average). At 18 locations Tadmor
outyielded Arabi Aswad by an average of 9%. At the other seven
locations, although the original landrace outyielded Tadmor, it had
an average advantage of only 4.4% (Table 1).

Although Tadmor and other lines selected from landraces have
clearly shown the effectiveness of the method, pure line selection
should only be used for short term goals as it has a serious draw
back that may be inadvertent. When superior pure lines are
extracted from a landrace and released as new varieties, the
landrace is often lost as farmers adopt the new pure line variety.
The replacement of the local variety (very often a mixture of many
genotypes) with a pure line results in a dramatic narrowing of the
genetic variation with consequent loss of genetic resources for
future needs. In addition pure lines are probably not the most
suitable type of cultivar in the long term for the arid and
semi-arid environments. In fact adaptation, and thus stability of
performance, to adverse and variable conditions is likely to be
associated with genetic heterogeneity, even though the 1level of
heteroqeneity has not to be as complex as it is in the original
population.

Varietal improvement based on the use of landraces as parents in
crosses is impressive in many crops, many landraces have
contributed to yield increases (Chang, 1985) although mostly
through transferring of genes for disease and pest resistances.
This is perhaps one of the most common use of landraces today and
in the recent past - breeders will routinely look to the germplasm
banks and world collections for sources of resistance to diseases
and pests. Several examples can support the need for genetic
conservation, but landraces can play a major role as donors of
genetic components like adaptation.



Another way in which landraces can be incorporated in a breeding
program as sources of genetic material is to create mixtures of
superior lines extracted from landraces.

While the first two approaches have been implemented and fully
incorporated in the barley breeding program at ICARDA, the role of
genetic heterogeneity is still under testing. To generate
information on what is the best compromise between the complexity
of mixtures and stability of higher yields, three mixtures at
different levels of complexity (4, 8 and 16 lines) were evaluated
along with the single components (pure lines), for three years in
a total of 11 Jocation/year combinations (Table 2).

Two different techniques have been used to measure stability: the
joint regression analysis and a non parametric method proposed by
Nachit and Ketata (1986).

Over 11 environments (Table 3) only the mixture of 4 lines had a
better rank (12.8) and a lower standard deviation of ranks (5.9)
than the 1local cultivar Arabj Aswad (R = 13.5, SDR = 6.9).
Furthermore the mixture cf 4 lines showed a better response (b =
0.90) and a higher intercept (a = 168.7) than A. Aswad (b = 0.85,
a = 160.1).

Out of the three best lines (shown at bottom of Table 3) in terms
of average rank, only two (SLB 42-64 and SLB 45-93) performed
consistently well across the environments.

Incorporating landraces in a breeding program in any of the above
three scenarios requires identifying superior lines. When the
target environment is a stress environment with adverse and
variable conditions, Ceccarelli and Grando (1989) reported that in
barley the efficiency of direct selection under stress condit.ons
is higher than the efficiency of indirect selection. The efficiency
of selection increases even more when direct selection is applied
on lines extracted from landraces. This indicates that to fully
exploit the usefulness of landraces in barley breeding for stress
conditions, testing and selection have to be conducted under the
target conditions where adapted germplasm can fully show its
advantages.

2. Landraces as source of information

The second major way in which landraces can be utilized in
breeding. physiology and genetics research is as a source of
information. Landraces can be extremely useful tools to investigate
both the genetic and morphological mechanisms enhancing stability
in stress environments. The two major genetic mechanisms enhancing
stability are individual buffering and population buffering (Allard
and Bradshaw, 1964). While the individual buffering can be largely
associated with heterozygosity, population buffering is a mechanism
of stability associated with genetic heterogeneity.



There is abundant evidence that landraces are mixture of genotypes,
but a direct relation between genetic heterogeneity and stability
has yet to be proven. It is not unreasonable to speculate, however,
that after millennia of natural and artificial selection, the
genetic structure of landraces must confer some advantages and is
not an accidental product of evolution. MNatural selection has
failed to identify a single superior genotype. Rather, natural and
artificial selection has molded 1landraces into being an
architecture of genotypes with different combinations of traits.

Table 4 compares morphological and developmental traits of improved
cultivars and of 1lines extracted from Syrian and Jordanian
landraces. The Syrian material has a higher frequency of genotypes
with prostrate or semi-prostrate growth habit, cold tolerance and
short grain filling period. Lines from Syria had a lower frequency
of types with good growth vigour and early heading. This
combination of traits in the Syrian landraces allows these
populations to escape adverse drought conditions (short grain
filling period) at the end of the season and to avoid frost threats
(prostrate growth habit and cold tolerance). The Jordanian material
does not encounter such environmental extremes and possess a
combination of morphological traits which adapt it to mild
temperatures during the growing period.

In addition to a high frequency of certain combinations of traits,
landraces have another powerful adaptive mechanism - a substantiai
amount of variability within the population for each of these
traits. Figures 1, 2 and 3 show the variability within Syrian and
Jordanian landraces and improved cultivars for cold damage, days to
heading and yield under drought conditions. This distribution of
levels of the individual traits in conjunction with combination of
traits, allows a landrace as a whole to finely tuned itself and
respond to the unpredictable and variable environmental conditions
it may encounter each crop cycle. In Table 5, lines from a Syria
landrace are classified by early growth vigour and growth habit.
There are some combinations which are never represented (i.e. poor
early growth vigour and semi-prostrate or prostrate growth habit).
The highest frequency of genotypes have intermediate early vigour
and are semi-prostrate to prostrate. These types are slightly more
cold tolerant and later in heading than types with good early
vigour. However, because of a short grain filling period, they are
better equipped to escape terminal drought. Other combinations,
provide high 1levels of cold tolerance with poor early growth
vigour, very prostrate growth habit and late heading. A small
percent of genotypes with low levels of cold tolerance, early
heading and long grain filling period will most probably be
favoured in mild winters with no late spring frosts and less severe
terminal stress.

A population with this architecture of genotypes will be able to
respond to many fluctuations in its environment. Within the
population some set of genotypes with some combinations of traits
will allow the population to survive, if not thrive, in an
unpredictable environment. The capability of adapting to



fluctuating environments that such an architecture of genotypes
provides underlies the long term stability and the fependability of
landraces.

conclusions

The importance of 1locally adapted material for stressful
environments has been recognized early at ICARDA and selections
from landraces have been and are still useu extensively in the
breeding program. From landraces we can learn how to improve
stability of yield in difficult and variable environments.

They offer a genetic base for adaptation on which breeders can
build new varieties.
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Table 1. Grain yield (kg/ha) of Tadmor and Arabi Aswad in on-farm
verification trials in areas with less than 250 mm
rainfall in Syria.

Number of

locations Tadmor Arabi Aswad Difference
18 (72%) 1728 1596 + 9.0%
7 (28%) 1672 1746 - 4.4%
Table 2. Total rainfall (mm) and average grain yield (kg/ha) at

each location/year combination.

Location Year Rainfall Grain yield
Bouider 1986-87 176.2 61.2
Breda 1985-87 244.6 451.4
Tel Hadya 1986-87 357.9 1791.8
Bouider 2987-88 385.7 2826.7
Breda 1987-88 414.8 3379.7
Tel Hadya 1987-88 504.2 3743.8
Cyprus 1987-88 321.0 4806.1
Bouider 1988-89 185.4 596.2
Breda 1988-89 192.8 1328.1
Tel Hadya 1988-89 234.4 3275.0
Hassake 1¢88-89 184.5 1028.2




Table 3. Average grain yield (GY), regression coefficient (b),
intercept (a), average ranking (R), and standard
deviation of ranks (SDR) across 11 environments of 3
mixtures, 3 pure lines from landraces (SLB), and A.
Aswad.
GY
b a R SDR
(kg/ha)
Mixture 4 lines 2066.8 .90 168.7 12.8 5.9
Mixture 8 lines 1937.7 .90 24.1 16.0 6.2
Mixture 16 lines 2110.7 .99 15.4 11.7 7.8
SLB 42-64 2156.7 .99 64.0 9.0 6.8
SLB 45-93 2185.3 .99 146.5 3.8 4.3
SLB 45-58 2402.1 1.1¢€ - 44.1 8.5 7.4
A. Aswad 1955.3 .85 160.1 13.5 6.9
Table 4. Mean of morphological and developmental traits of 1041

improved barley genotypes (unrelated to Syrian or
Jordanian landraces) compared with 322 pure lines
extracted from Syrian landraces and 232 pure lines from
Jordanian landraces (from Ceccarelli et al., in press).

yellow.

. Landraces
Trait Improved .
Syria Jordan
Early vigour' 2.5 3.2 2.4
Growth habit’ 2.8 4.0 3.1
Cold tolerance’ 3.0 1.3 2.3
Days to heading 117.9 "21.2 116.9
Grain filling 39.3 35.5 37.4
Yield potential 4398.0 3293.0 3947.0
Yield under drought 488.1 974.9 834.7
: Early vigour: l=good, 5=poor.
Growth habit: l=erect, S5=prostrate.
'  Cold tolerance: l=absence of damage, 5=leaf blades and sheaths



Table 5. Frequency of different combinations of early growth
vigour (GV) and growth habit (GH), and mean values of
cold tolerance (CT), days to heading (DH), and length of
grain filling period (GF) in a sample of 321 lines of

barley collected in the dry areas of Syria (from:

Ceccarelli et al., in press).
Combinations $ 6V GH CcT DH GF
Good vigour - Erect 0.0 - - - - -
Good vigour - Semi-prostrate 1.2 . 1i8.8 37.4
Good vigour - Prostrate 5.3 . 3.9 . 119.8 36.6
Int. vigour - Erect 0.0 - - - - -
Int. vigour - Semi-prostrate 6.2 . . . 119.7 35.8
Int. vigour - Prostrate 65.1 . 4.0 . 121.2 35.4
Poor vigour - Erect 0.0 - - - - -
Poor vigour -~ Semi-prostrate 0.0 - - - - -
Poor vigour - Prostrate 22.1 3.9 4.2 1.3 121.9 35.4

vyellow.

Early vigour: 1=good, 5=poor.
Growth habit: 1=erect, S5=prostrate.
Cold tolerance: l=absence of damage, 5=leaf blades and sheaths
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KEYNOTE ADDRESS

Foreign Agricultural Assistance

and American Producers

Lynn L. Pesson*

The world in which we live is changing rapidly.
There are manifestations of this all around us. The
economic collapse of communism is perhaps our
most striking example, but there are many more
fundamental changes affecting our lives. The Ameri-
can farmer is part of it as well. In this presentation, |
will look at the question of foreign agricultural assis-
tance from three perspectives. First, 1 will focus on
economic considerations, followed by a look at
humanitarian concerns, and then a brief look at the
technological situation.

Economics

There is a fundamental and inexorable change
permeating everything we do. Whether we like it or
not, we are fast becoming a global economy and an
interdependent world, and this trend is accelerating.
Although we remain the biggest player in the game,
we no longer control it. To illustrate, at the end of
World War [, the United States produced 50% of the
world's gross national product; today it produces less
than 30%. The next leading player in the current
environment, Japan, produces roughly half that
amount. So the name of the game now is trade, and
trade is an international phenomenon.

I will illustrate the change occurring by present-
ing some agricultural data from 1988, In that year,
the U.S. exported 76% of its wheat, 65% of its rice,
45% of its cotton, 41% of its soybeans, and 24% of
its corn. Production from over one-third of our crop-
land was exported. Looking at this phenomenon from
an economic perspective, we see that in 1978 the
U.S. trade balance from agriculture was an $8.2 bil-
lion surplus. We exported $28.6 billion in agricultural
products, and imported $20.4 billion. Of the imports,
$6.6 billion was not competitive with U.S. products
and $13.8 billion was. It's a big ball game, and the
competition is getting tougher all the time.

A friend of mine, who is a miller and shipper of
rice, asserted at a meeting last year that although it
was possible to ship rice from Louisiana to Tokyo
cheaper than the Japanese can produce it, the Japa-
nese will not let it in. This assertion is illustrative of a
world-wide phenomenon of trade barniers of all sorts,

and the U.S. is no exception. Much of my family
makes its living by producing sugar cane, so | have
first-hand experience. | use this to illustrate that the
world is full of trade barriers, but there is a rather
strong world movement to reduce if not eliminate
trade restrictions altogether. The result would be
increased competition, which is part of the pattern of
a globai economy and an interdependent world.

What about the future of trade? This question is
a major concern for farmers everywhere, and the
U.S. is no exception. The U.S., Canada, and the
European Economic Community have strong produc-
tion capacities. Each is a surplus producer with a
stagnant population.

Future market potential, consequently, is with the
developing countries. Reports estimate there are 750
million people who live in a state of hunger. There
are two problems in feeding them. They lack the
wherewithal to purchase food, and there are difficul-
ties in food distribution. Studies indicate, however,
that if income is increased, 60% of the increase in
income will go to food. Studies further indicate that
as income increases, people diversify their diets,
From coarse grains, they move to the more refined
ones; as they move up the economic scale, their
diets include more livestock products.

Additional data in this regard can be found in a
study that compared fast- and slow-growth develop-
ing countries on the questions of imports and ex-
ports. With respect to exports from 1970 to 1984, the
gap in level of exports between the faster-growth
countries keeps growing larger, even during the peri-
od of the economic recession in the early 80s. The
same pattern is apparent in the data for imports, but
the gap between the fast- and the slow-growth coun-
tries was much larger. The implication is very strong.
Those countries that grow faster trade more. From a
self-interest standpoint, the data show that to stimu-
late trade, it is good business to help countries grow
economically. East Asia is a case in point. Korea and
Taiwan were helped by U.S. aid programs, and they
are now two of our biggest customers.

*Executive Director for Board of International Food and
Agricultural Development (BIFAD), Washington, D.C.
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Humanitarian

There's another fundamental phenomenon oper-
ating out there. World population is growing at an
accelerating rate. During this decade alone there will
be 1 billion more mouths to feed — a 20% increase
over the past decade. The world population will ex-
ceed 6 billion by the turn of the century, and demog-
raphers expect it to go to 10 billion by the middie of
the next century. Some experts predict it will then
begin to level off. The tough part of this problem is
that there is a sharp dichotomy; most of the growth is
taking place in the developing world. Sub-Saharan
Africa, generally the poorest area in the developing
world, is growing at a rate of more than 3% per year,
for example. Agriculturists must ask several rather
basic questions: Can we feed this many people?
What about the problem in the developing world? For
the moment we can do the job, but what will happen
in 10 years? or 20? or 30?

I don’t presume to have the answer. An assort-
ment of experts more knowledgeable than | is needed
to arrive at the answers. However, | would like to
offer some points tc ponder. Although surpluses
exist, even in India, which was once thought to have
an intractable food problem, there are signs that the
so-called "green revolution" is leveling off. After a
couple of decades of strong gains in yields, data from
Asia indicate those yields are now plateauing, and in
some instances are even declining. The breakthrough
in rice hybridization by the Chinese may alter this
course; but the challenge is dramatic for Asia, which
has half the world's people to feed.

In order to further examine the yield question, we
will look at a 1960-based index which projects data
on the relationship among total grain production, area
harvested, and vield. This index shows trends that
are cause for concern. While area harvested has
remained relatively steady, total production and yield
have climbed steadily through 1986, almost doubling
during the period. Total production and yield, how-
ever, have declined in the ensuing two-year period to
1988, and knowledgeable persons indicate the trend
is continuing.

From this index, the same production data plot-
ted against population growth show that from 1965
(roughly around the time the new miracle varieties
began to reach farmers’ fields) through 1986, produc-
tion was growing faster than population. Since that
time, we have lost ground, and if the trend continues,
trouble could be on the horizon.

Viewed from another perspective, we see that
population pressures on the environment are growing

rapidly. Signs are all around us; Eastern Europe is a
striking example. Reports indicate that the disregard
for the environment in the crumbling Soviet empire is
overwhelming. It is symptomatic of what can happen
if we aren't alert and responsive to the overall envi-
ronmental problem. The challenge for agriculture is to
become sustainable. Aithough we hear about the
more obvious problems — water in dryland areas, the
fragile lands, the depletion of forests — signs indicate
that some intensive systems on productive soils are
now coming under stress. Intensive rice culture in
Asia, purportedly sustainable for thousands of years,
is now coming under stress, The phenomenon of
declining yields in Asia, mentioned earlier, may well
be caused partially by the overuse of chemicals. It's
a point to ponder.

Let me highlight the problem by using an illustra-
tion. One estimate showed that in 1975 there was
approximately one acre of arable land in the world
per parson. If we accept this estimate, then by the
year 2000 it is projected that there would be about .6
of an acre per person, a 40% drop in arable land
availability per person. This vividly demonstrates the
need for agriculturists to focus heavily on the two
important considerations of resource sustainability
and new technology. Presently, when agricultural
research and technology transfer is under stress here
and abroad for having done its job too well, it is
imperative that we make the case to the public that
dismantling the tremendous capacity we have built up
is penny wise and pound foolish. This can best be
accomplished by focusing on three objectives: provid-
ing resource sustainability in its broader context,
ensuring new technology that maximizes production
while maintaining or enhancing sustainability, and
providing adequate economic incentives to the farmer
to produce in a sustainable mode.

Technology

The U.S. no longer dominates the market for
agricultural technology. A number of good institutions
are located in Western world countries, and now
there are also some good ones in the developing
world. The International Agricultural Research Cen-
ters are now repositoric - of significant amounts of
knowledge.

India, for example, now has more agricultural
scientists than the U.S. However, they do have
some second generation problems. Largely because
of funding problems, their younger scientists are
inbred, provincial, and out of touch with world
science,




PESSON

Foreign Agricultural Assistance & American Producers — Keynote Address

Looking back at my own experience in Malaysia,
I find it epitomizes the change that has taken place in
agricultural institutions. In 1966, when the Louisiana
State University team arrived at the agricultural col-
lege, there were only 12 faculty, and the only Ph.D.
was the new principal who nad just returned from
Leeds University in England. Today, Malaysia has
more Ph.D.-level scientists than the agricultural com-
plex from Louisiana which spawned them, and they
now have better facilities and equipment.

It is crucial, therefore, for U.S. scientists to main-
ta:n contact with the world scientific community. A
regular interchange is necessary for all concerned to
keep abreast of the latest scientific information. There
is increasing interest within the U.S. scientific com-
munity for collaborative relationships with other scien-
tists on the international front,

Perhaps the best examples of international
research networks are the Collaborative Research
Support Programs of USAID. The eight CRSPs in-
volve almost 900 scientists from 35 U.S. universities
and 32 foreign countries. In their 10 years of exis-
tence, they have made numerous contributions to
both foreign and U.S. producers, including injecting
germplasm for needed characteristics in varieties of
sorghum, millet, peanuts, beans and cowpeas. These
characteristics include greater productivity, drought
resistance, and insect, disease, and parasite resis-
tance. Keep in mind that the CRSP programs are
relatively young and they are just beginning to mature
as research networks.

Germplasm is a key issue as illustrated by the
accomplishments of the CRSP programs. Many U.S.
varieties are the result of relatively homogeneous

gene pools. Much more heterogeneity is needed in
the gene pools from which new varieties are devel-
oped. The best source of germplasm is the native
habitat of plants. For example, coin came from Cen-
tral America, soybeans from Asia, and wheat from
the Middle East. To locate the source for genes with
special characteristics, a good place to look is the
native habitat. When the Louisiana rice crop was
threatened by a new dread disease, Hoja Blanca,
LSU scientists who were cooperating in the USAID
rice program in Nicaragua isolated the gene in a
native variety and transferred that gene into Louisi-
ana varieties, saving producers untold miilions of
dollars.

The Future

There are three key points to make from this
discussion:

» Future markets for U.S. producers exist in
the developing world. Before these develop-
ing nations can trade with us, they need
foreigin exchange. Development programs
must be designed to help them to help
themselves grow economically,

» Population growth is putting increasing pres-
sure on the world's resources. It's in every-
one's interest to make the environment
sustainable, and that includes agiiculture.

» Technology is the key to the future. Cooper-
ation and collaboration are crucial for scien-
tific advancement. We no longer can do it
alone.
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Lessons from History
Jack R. Harlan*

In this paper | shall try to update the latest
information on origin and history of barley and
describe some historical events of significance to
agriculture.

The map (Figure 1) was published in Science
(Harlan & Zohary, 1966), and has been reproduced
and redrawn a number of times for different publica-
tions. Each dot can be verified by a collection, speci-
men, or citation in a trustworthy flora. We can ow
enlarge the range in both directions, since colonies
have been located in Tibet and Morocco. Both the
spontaneum and agriocrithon morphs were found in
Tibet, and Chinese authors have claimed indepen-
dent domestication in China. The same question was
inevitably raised in view of the Moroccan finds. Iso-
zyme studies have shown that the genetic patterns of
these weedy African populations are different from
the spontaneums of the Near East and do resemble
cultivars grown in Morocco and southwestern Europe.
This is suggestive of, but of course does not prove,
independent domestication. There are other explana-
tions for these patterns. Ultimately, these questions
must be answered by archaeological evidence, but
whenever a progenitor has a wide distribution, there
are always possibilities for repeated domestications.

So far, the earliest evidence is concentrated in or
near the Jordan Rift Valley. The current evidence is
more precise than previous information. The earliest
traces of food production in the Near East are found
in Prepottery Neolithic A (PPNA). There is very little
of it. The sites of Gesher, Netiv Hagdud, Gilgal, and
Jericho, all within a radius of 15 km in the Jordan
Valley, and Tell Aswan in the Damascus Basin are
about all we have so far. For the time range, ca.
8000 B.C., some of the sites are rather large. Netiv
Hagdud covers 1.5 ha and PPNA Jericho about 2.5
ha. All the early sites have remains of emmer wheat,
and most, but not all, have barley. Cayonu, in Tur-
key, for example, ca. 7500 B.C., has not turned up
barley, although | have collected wild barley on the
site. All the early barleys were 2-rowed, like all the
species in the genus (Zohary & Hopf, 1988).

In PPNB, a few centuries later, there are many
more sites, and plant remains are more abundant.
From then on, barley and emmer were inseparable

companions in the Neolithic expansion that spread
through Europe and around the Mediterranean, east-
ward to the Indus and outward to Ethiopia. How it
spread is now a subject of intense debate. Archaeol-
ogy shows a clear temporal progression across Eu-
rope of about 1 km per year, but was it by farmers
migrating or by hunter-gathers being converted and
developing local farming systems? The debate is
very lively at the moment, and we cannot go into that
here, but suffice it to say that at one time barley may
have been the most important crop in the world. For
some of us it still is.

It must be admitted, from a culinary point of
view, barley was seldom considered the classiest
crop, but in classical times it was considered strong
and nourishing. It was the ration of the soldier, the
slave, and the gladiator. Pliny (trans. by Rackman,
1950) stated that gladiators were trained on it and
were called "Hordiari," or "barley men." The people
thought it was the strongest cereal, perhaps because
if one could handle all that fiber, one would be
strong, indeed. Itis of interest that naked barley
turned up very early in the archaeolcgical record, by
the 7th millennium B.C., or perhaps earlier.

Today, people who must consume a lot of barley
tend to grow the naked kinds. Crossing high passes
in the Himalayas, Karakorum, or Hindu Kush is a
lesson in crop ecology. Going upslope, crop after
crop drops out in orderly succession. The very high-
est villages attempting to survive by agriculture are
usually reduced to barley and peas. It is not neces-
sary to collect the barley to know that it is naked; you
can hear it rustling in the wind. Naked barley can
talk to you. T..2 American Indians of both the Mid-
west and Southwest manipulated the rather trivial
Hordeum pusilum {o the point of developing naked
sorts.

The Romans were wheat eaters from the foun-
dation of the City, although Pliny stated that they ate
emmer for the first 400 years. Bread wheat became
popular after Alexander and increased the feasibility
of large-scale export from North Africa (Harlan,

*Professor Emeritus, University of Hlinois, Urbana,
Hlinois,
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1981). But the Greeks stubbornly stuck to their
“maza," or barley porridge. Lawrence Angel, a physi-
cal anthropologist who has performed large-scale
studies on skeletons from the Eastern Mediterranean,
stated that the Greeks may have paid a price. Phytic
acid inhibits intestinal iron absorption and may cause
iron deficiency anemia. At least some of the abnor-
mal bone porosities found in Greek skeletons may be
attributed to the barley diet (Angel, cited in Cohen &
Armelagos, 1984),

With respect to historical events, we know that in
mid-3rd millennium B.C., the irrigation systems of
Mesopotamia began to have heavy concentrations of
salt. Extensive studies were conducted by Robert
McC. Adams, now in charge of the Smithsonian Insti-
tution. He surveyed the ancient irrigation ditches,
and with cunaiformists explored the economic records
of the available clay tablets. Yields were given in
volume, but we are unsure of the conversion; yields
before the problem appeared seem too high. The
ratios, however, indicate a drastic reduction in both
wheat yield and area planted. By the end of the 3rd
millennium, Mesopotamia had vonverted to a near
monoculture of barley. Wheat was hardly grown at
all. The interpretation is that salting problems forced
this change in food crops, since barley is much more
salt tolerant than wheat. Still, the records indicate
that even before the dramatic shift, barley was the
more important crop (Adams, 1965).

But the latter part of the 3rd millennium B.C. was
even more of a disaster for Egypt. The Old Kingdom
was the glory of the world; there was no civilization
on earth to match it. It built the pyramids and was
the granary of the world. The people lived well and
the arts flourished. It was opulent compared to other
civilizations of the time. But at the end of the Vith
Dynasty, the Old Kingdom collapsed and Egypt went
into eclipse. This was the First intermediate Period
at about 2160 B.C.

No major buildings were constructed for about
170 years; we do not even have a complete list of the
kings of the period. The small amounts of literature
from those years that did come down to us are stark
and eloquent. Some of the phrases that survived
include:

‘Everyone is dying of hunger on this sand-
bank of hell.” ‘All of Upper Egypt was
dying of hunger to such a degree that
everyone had come to eating his own child-
ren.’ ‘Plague stalks through the land and
blood is everywhere . . . the towns are
destroyed and Upper Egypt is become
empty. . .. The crocodiles are glutted with

what they have carried off. Men go to them
of their own accord. . . . Men are few. He
that lays his brother in the ground is every-
where. . . . The storehouse is bare, and

he that kept it lies stretched out on the
ground. . . .’ (Bell, 1971; Erman, 1927)

What happened? How could the granary of the
world suffer devastating famine? It seems that the
Nile had failed. A series, perhaps a long series, of
low floods on the Nile resulted in crop failures. The
glorious Old Kingdom fell into eclipse. An American
equivalent would be if no snow came to the Sierra
Nevada and the Cascades for several years in suc-
cession. Suppose it did not snow in the Sierras for
six years? Who would be left in California? This kind
of disaster is hard to imagine, but IT CAN HAPPEN!
It has happened; history tells us so.

Was this the only event of its kind in history? By
no means. In Ancient Egypt, it happened again.
After the First Intermediate Period, the Middle King-
dom arose and flourished brilliantly. It, too, collapsed
in the Second Intermediate Period ca. 1200 B.C.

The cause seemed to be the same. History tells us
these things can happen. They do happen.

For several years, | worked with a group of Bibli-
cal scholars in Jordan near the Dead Sea. Our tar-
get was several Early Bronze (EB) siles which were
part of a large example of EB sites throughout the
Near East. The general picture was that EB-| left few
traces and few bronze artifacts. In EB-Il, small towns
or large villages appeared and defensive structures
were sometimes built. EB-IIl flourished throughout
the region. Towns were walled for defense. At the
close of EB-lll, the towns were destroyed and, al-
though the reasons are obscure, layers of ash reveal
some kind of conflagration. At Numeira, a toppled
tower crushed two people, suggesting an earthquake.
Whatever the ultimate causes, the Egyptian Interme-
diate Period had echoes throughout the Near East.

The EB-IV people who followed did not live in
towns; they were tent people. What we know of them
comes mostly from cemeteries, because they buried
their dead in the same necropoli as the earlier EB
people. The evidence seems to illustrate the tradi-
tional contest between the desert and the sown.
Sometimes the farmers win; sometimes the desert
wins. The site of Numeira has some phonetic simi-
larity to the biblical Gomorrah. The language of its
destruction closely parallels the Egyptian descrip-
tions: *The whole land will be a burning waste of salt
and sulfur — nothing planted, nothing sprouting, no
vegetation growing on it."
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Other evidence includes salt tongues that formed
in the Dead Sea and other salt lakes. Lake Maribad
dried up and vegetation on the boitom burned. From
as far away as France, timber trees died of drouth
(Crown, 1972). Abandonment of sites and cessation
of rock paintings provide evidence of people moving
from the Sahara (Butzer, 1976). Hordes of nomadic
tribesmen, forced from their desiccating steppes,
invaded settied agriculturzal lands. The Akkadian
Empire fell apart 2230-2130 B.C. Ebla was sacked
and burned 2250 B.C., and Troy was destroyed 2149
+ 97 B.C. The number of agricultural communities
in Turkmenistan declined, reaching a low point about
2100 B.C. (Masson, 1968). Towns, cities, and villag-
es, including Jericho, Numeiry, Bab edh-Dra'a, Beth-
shan, Khirbet Karak, and Ai, were sacked and burned
(de Vaux, 1971).

Disasters due to factors other than drcuth may
strike. Local famines were common in Europe
throughout the Middle Ages, but the decades of
1290-1300 and 1310-1320 were devastating through-
out most of Europe. The causes were complex:
some were sociopolitical {rapacious landlords and
impoverished peasants), and some were demograph-
ic (too many people). Life and society were precari-
ous and vulnerable, but the crop failures basically
resulted from too much rain. Land was too wet to
work; planted crops rotted in the field. Diseases
ravaged both crops and the human population. In
some localized regions, over 50% of the people died
in a decade. The total populations of Europe may
have been reduced by one-third. All of this was a
prelude to the Black Death that raged through Europe
1347-1350. This leveler reduced the population suffi-
ciently that famine became less of a threat; there
were far fewer mouths to feed (Gottiried, 1985).

! am not forecasting gloom and doom, but merely
pointing out some lessons from history. Disasters on
a continental scale have happened, and we must
consider the extreme vulnerability of the world today.
We how have enormous urban populations all over
the world that are entirely suslained by a relative
handful of farmers, and these in turn are completely
dependent on the whims of weather and climate. No
system of reserve food storage could possibly outlast
a few years of widespread crop failures. These
things can happen; history tells us so.
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Known iocations of wild or weed barley. In the
shaded region, populations may occur in fairly
primary habitats and may be truly wild. Popula-
tions are also known in Morocco and Tibet.




Methods Used in Transferring Technology
from the Laboratory to the Producer:

FEconomic Considerations
G. Edward Schuh*

There is a growing consensus among agricultural
deveiopment specialists and policy makers that the
making and diffusion of new production technology is
the key to agricultural development and an important
source of new income streams for the population.
(See Hayami & Ruttan for the state-of-the-art on this
perspective.) Moreover, organized research is now
generally recognized as an efficient way to p-oduce
this new technology. In organized research, the
social rate of return to investments is quite high. The
empirical evidence supporting this perspective is
almost unchallengeable, with estimates of rates of
return ranging from 25 to 35% at the fow end to over
100% at the high end (Hayami & Ruttan).

In contrast, less agreement exists on the need
for organized, public sector systems to transfer this
new technology from the laboratory and research
station to the producer, or on what meains to use in
bringing about the transfer. Traditionally, in many
developing countries, the extension services praced-
ed the establishment of organized research systems,
the assumption being that an ample supply of new
technology is available but some means is needed to
motivate and teach producers. At the other extreme,
it is often argued that formal or organized systems for
transferring the new production technology are not
needed because farmers will adopt it once it be-
comes available, or the private sector will organize
the transfer mechanisms.

Even when the need for some formal or orga-
nized system of technology transfer is recognized,
much disagreement exists over the best means to do
it. Proponents of alternative systems, such as televi-
sion and the American extension system, are articu-
late and vociferous. The debate continues even as
investments are made in the capacity to produce the
new technology.

Bacause of this ongoing debate, | have chosen
to divide my remarks into two parts. In the first
part, | will discuss tome of the economics of technol-
ogy transfer in terms of the systems at large. This
might be<t be described as the macroeconomics of

technology transfer. Then, in the second part, | will
discuss the economics of the adoption of new pro-
duction technology at the producer level — the micro-
economics of technology transfer.

In both parts, it is worth keeping in mind that in
the case of agricultural modernization and develop-
ment, we are primarily considering process technal-
ogy. Process technology consists of innovations
which, if adopted, will lower the cost of production.
Product technology, which consists of the introduction
of new products, is less common in agricultural
development, although not unimportant.

The Economics of Technology
Transfer Systems

Process technology comes in a variety of forms.
An important part is imbedded either in new inputs or
in improvements to the quality of inputs already used.
Examples of the former include the introduction of
modern commercial fertilizers, pesticides, and mod-
ern instruments and equipment. Examples of the
latter include improvemenis in the quality of seeds, of
machinery and equipment, and of breeding stock.

Process technclogy also includes knowledge or
information about new ways of doing things, such as
changes in plant spacing, alternative ways of using
fertilizers and pesticides, and new animal husbandry
systems. In this case, technoiogy transfer has to do
with the diffusion of new information or new know-
ledge.

The economics of information diffusion is differ-
ent from the economics of distribution and adoption
of new or improved inputs. Considerable debate still
exists about the 2ppropriate svstems to transfer the
technology since there is often disagreement about
the essence of the process. Part of the debate arises
because the economics of the various systems
change with the level of development of the country

*Dean, Hubert 11, Humphrey Institute of Public Affairs,
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or region in which technology transfer is desired.
Analysts from regions in different stages of develop-
ment tend to have varying perspectives on what is
important,

Several factors important to the economics of
alternative technology transfer systems vary from one
developmental stage to another. The first is the real
wage, which influences the cost to society of agents
for the system. Another is the level of general edu-
cation in the society, whicn influences the supply of
cognitive skills available to understard the new tech-
nology. Still another is the state of development of
the educational system to produce the agents for the
system. And sliil another is the state of development
of the mass media.

We will now consider specific systems of tech-
nology transfer. A traditional system in much of Latin
America (.d one that is still all too common in that
region as well as in other parts of the world) is known
as fomento. This systemn takes a variety of forms, but
it usually involves making available the services of
some modern input or the inputs themselves from the
public sector, either at no cost or at less than true
economic cost. An example is providing the services
of improved breeding stock to producers for improv-
ing the quality of their herds. Another is making
available the services of large tractors and equipment
to lower production costs.

The economics of fomento, either private or pub-
lic, are usually quite bad — except for the few who
can benefit from such a system. Budget limitations
can severely limit the availability of such services.
Therefore, several non-price raticning systems are
used to equitably distribute available services. Nepo-
tism and corruption surface quickly when such inputs
a‘e made available on a subsidized hasis, and those
least needy of public subsidies are usually the princi-
pal beneficiaries of the system. The goal of such
systems is to promote the use of higher quality in-
puis. However, this is usually done only on a limited
scale. This system is now generally discredited,
although examples still remain.

The formento system illustrates an important di-
mension of any technology transfer system, i.e., the
need to have a system whereby modern inputs are
made available to producers. Markets are often the
best means of providing inputs to producers. But
markets don't just happen. The inputs mus! be pro-
duced or imported and a distribution system devel-
oped.

Another generally discredited sys em is the use
of demonstration farms where modern teciniques are
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used on an entire farm and thus the common pro-
ducer can see how the new technology is used and
how it performs in a complete farm operation. The
high cost of this system limits its impact. Moveover,
such systems lack credibility since producers per-
ceive that public sector farms benefit from subsidies
they don't have. Equally as important, the perfor-
mance of these farms suffers since they tend to be
operated by people who are not true entrepreneurs.

Demonutration plots are another matter, how-
ever. They are often an criective element of a more
general system of technology transfer, and they en-
able the transfer agent to demorstrate to the unin-
formed just what the new technology can do and ho
it operates.,

A popular technology system in many parts of
the world today, and one promoted by some parts of
the World Bank, is the T&V system. This system
involves a cadre of agents working intensively with
producers in a technical assistance mode. The typi-
cal system has one agent for each 10 to 20 produc-
ers. An intensive system of monitoring and verifica-
tion is built into this system ir order to verify whethe|
the agents are doing their jobs and whether the
recommendations are valid.

The T&V system is effective in reforming a mori-
bund extension service. It forces the agents to inter-
act with the producer, and provides a means of
upgrading the agents’ skills and knowledge. As a
general system, however, the economics are again
pad. The size of the extension service would have tc
be quite large in order to reach all producers. Even
though salaries are low in developing counties, bud-
get resources are limited.

The use of technical assistance with individual
producers is a more general issue, and one that goes
beyond the T&V system. The program of the U.S.
Extension Service was predicated on extensive use
of individual technical assistance, with the agent
working directly with the producer, teaching new
techniqués and solving specific problems. This
approach is effective at certain stages of develop-
ment and with certain groups of producers, especially
if the agent plays a true educational role. Working
directly with producers gives the agent an important
feedback mechanism to identify problems at the farm
level. But for an economy that i< at the stage of
development of the United States, the main value of
the technical assistance approach is in this feedback
role. This role can be fulfilled by using the approach
on a fairly modest scale.
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When a society reaches a high stage of develop-
ment, with widespread literacy and the availability
of mass media, the farm-level technology transfer
system essentially becomes a part of the research
system, Its value is in providing a link between the
producer and the researcher so the latter can know
what problems the producer is experiencing, and can
determine how new technical innovations are working
at the farm level. The producer obtains new know-
'adge and information more efficiently, in a social
sense, from the mass media or from private-sector
technical assistance services. In this context, exten-
sion services should focus their efforts on adult edu-
cation programs which teach principles in classroom
settings under conditions which recognize the oppor-
tunity costs of the producers.

This raises another important economic issue.
At some stages of economic development, extension
services substitute for the general education system.
They are necessary because the producers lack the
literacy skills to take advantage of written material.
As the level of literacy rises in a society, the technol-
ogy transfer function will decline in importance for the
public. This does not mean that it should disappear,
but it does mean the extension service's goals should
change as economic development proceeds, shifting
from an emphasis on technical assistance to an
emphasis on adult education and public affairs.

In this context, we must recognize an important
complementarity between the diffusion of new pro-
duction technology and education. The demand for
education rises as new technology is diffused into the
economy, because cognitive skills are needed for
decoding the new knowledge. In fact, the rate of
return to investments in education tends to rise as
the rate of diffusion of new technology increases.
Widespread prevalence of general education increas-
es the rate of return to investments in agricultural
research since the speed of adoption will influence
the payoff from agricultural research.

To conclude this section, there is no single
answer concerning what is the best or most effective
means of technology transfer for agriculture. It de-
pends on the stage of development of the economy
or region, and the particular institutional challenges
faced by the sector. More attention shouid be given
in designing individual systems to the economics of
the alternative systems and of the process itself. An
important part of the system’s economics depends on
the character of the technology. Individual techiolo-
gies vary in the  zomplexity and in their cost to the
producer,
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Some Microeconomics of
Technology Transfer

An important issue in the transfer of new produc-
tion technology is whether it is profitable at the pro-
ducer level. This is especially important in adopting
new or higher quality inputs. But it is also important
in adopting new techniques of production, and the
economics of information acquisition is also important
at the producer level,

New or improved inputs will not be adopted if
they are unprofitable to the individual producer, so it
is not sutficient to have a new technology which in-
creases output or yields. The increase in output
must be worth more than the production cost or the
technology will not be adopted. Many extension ser-
vices and extension agents have been discredited
because they failed to recognize this important point.

There are a number of complicating factors in
this issue. The first is the complementarity between
or among the various components of the production
system. For example, an important feature of the
improvement in the quality of hybrid corn seed is its
higher response to the application of commercial
fertilizers. Thus, its payoff comes by using improved
seed in combination with the application of fertilizer.
If fertilizer is so costly that it is unprofitable to use,
even with the improved variety, little will be gained by
using the seed alone. Promoting the adoption of
hybrid seeds under these conditions only discredits
those who do so. Producers quickly figure out the
profitability of the new technology.

This isstie has more general dimensions. For
example, improved varieties may require the use of
fertilizer, water, and pesticides if they are to be profit-
able. This is what gave rise to the tendency to advo-
cate packages of recommended practices as the
means to obtain more widespread adoption of any
individua' technoiogy.

Anott- - complicating factor is the opportunity
cost of the time of the producer, a fa~tor which has
not received the attention it deserves. New technol-
ogy or technlogical packages differ in their labor
intensity. If the opportunity costs of the producer's
time are high, technologies that are more labor-inten-
sive probably will not be adopted.

Two examples illustrate the point. Tie first is
from Plan Puebla, the intensive technology program
for small producers of maize in Mexico. In the
“970s, when the Ford and Rockefeller Foundations
and others were extolling the success of this nroject,
I was more impressed by the limited number of pro-
ducers who adopted this package, especially in light
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of its intenise promotion. Knowing something about
the region, | hypothesized that the problem was the
high opportunity cost of the producer's time. The
recommended package was labor-intensive because
it increased labor requirements, and off-farm work in
the region was widespread.

Manuel Villa Issa, a Mexican student of mine at
the time, addressed this issue in his Ph.D. disserta-
tion. He found a near-perfect correlation between the
failure to adopt the technology and participation in
off-farm work activities. Those who adopted the
technology tended not to work off the farm. The
opportunity costs of their time were low and they
adopted the labor-intensive technology. An interest-
ing side feature of Villa Issa's research was that the
net family income of the two groups of producers
(adopters and nori-adopters) was not significantly
different. They just earned it in different ways. This
says something about the "quality" of the human
agents in the two groups.

The second example is from Kenya, A T&V
project in that country promoted the intercropping of
maize and beans in narrowly spaced rows. The rec-
ommended technology obviously increased produc-
tion compared to traditional techniques, but it was a
labor-intensive system.

The producers were not receptive to the recom-
mended package. A few questions soon uncovered
why. Labor was scarce and expensive in the region,
so the producers utilized family labor instead of hiring
additional labor. This was not a case solely of the
opportunity costs of family labor, although it may
have played an important role. It does point out that
assuming unlimited supplies of labor under develop-
ing-country conditions is not always warranted.

Input substitution issues are also important in
considering the economics of adopting new produc-
tion technology. It isn't just the price of the product
relative to the price of the new or improved input that
matters. The price of land has a great deal to do
with the adoption of commercial fertilizers since fertil-
izer is an important substitute for land. Rising land
prices lead to widespread adoption of fertilizer. Simi-
larly, herbicides and mechanization are substitutes for
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labor. As labor prices rise with economic develop-
ment, the tendency is to make more use of labor
substitutes.

Risk is another factor in determining whether
producers adopt a new technology. New innovations
involve technological risk and producers may dis-
count the expected increase in yields, especially if
they are barely subsisting and budget constraints are
severe. One means to promote the new technology
is to find ways of transferring some of this risk to
other parts of society. Alternatively, increasing price
stability may induce producers to bear more techno-
logical risk.

Finally, increasing economic literacy is a way to
make the adoption of new production technology
more socially efficient. Increased knowledge of the
economics of the adoption process, and of the future
economic outlook, will help the producer in adopting
the new technology only under economically rational
conditions.

Concluding Comments

Technology transfer involves a great deal more
than the production of new technology or technologi-
cal packages. The design of the system to diffuse
the new technology has important economic dimen-
sions. Similarly, the adoption of the technology at
th~ 1zvel of the producer also has important econ-
cmi. dimensions. Failure to consider the economics
of the design of the system or of the adoption of the
technology by the producer can lead to a lot of
frustration, the failure to realize the benefits from
investing in the production of the technology, and
inefficient development policy. The economic dimen-
sions of both sets of issues need to be kept high on
our agenda.
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Transferring and Understanding New
Technology: Sociological Implications

Keith Jamtgaard*

One of the more interesting situations we can
observe today is that of farmers in parts of Eastern
Europe. They are in a quandary, and a better under-
standing of their predicament helps iliustrate one of
the points | would like to make concerning sociologi-
cal implications of agricultural technology.

London's The Economist ("No Yeomen They,"
1990) reports that Eastern European farmers are
resisting the notion that they should be given owner-
ship of the land now held in state farms and coops.
Why? We in the West are sometimes guilty of simpli-
fying the events in Eastern Europe because they
embrace capitalism; by so doing, however, we can
easily overlook some of the more sociologically inter-
esting questions being revealed by large-scale social
changes now underway.

Why should the members of cooperatives not be
interested in becoming independent farmers? The
Economist suggests that they have heard the stories
passed down from an earlier generation (or those old
enough recall for themselves) concerning the experi-
ence of farming 15 acres, divided into a dozen strips,
oxen-poweied plows, and the tremendous risks and
limited rewards that were associated with indepen-
dent farming. Although the level of technology and
the farm sizes inay not be the same, the great risks
and scarce rewards of agriculture in modern capital-
ism are very real indeed.

Whatever else they did not do, the collective
farms did address some important needs of agricul-
tural populations. While they prohably did not
intentionally enrich hard-working coop members, they
did reduce the risk of farming, they provided a secure
job for life, and they maintained a stable agricultural
population in rural areas. For all of the advances in
productivity associated with advanced capitalist
farming, these legitimate concerns of rural agricultural
populations have not been «dequately addressed. It
is not the purpose of this paper to mount a defense
of the agrarian eiterprises produced by the socialist
governments of Eastern Europe.! However, it is
helpful to consider the plight of the Eastern European
farmer as we sort through some of the questions
raised by technology transfer.
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Agricultural Technology and
Social Change

The goal of this paper is to discuss, from a
sociological perspective, what our intentions should
be in the development and transfer of agricultural
technology for producers in semi-arid areas, and
where this fits into the larger picture of the kinds of
changes these rural populations desire. Perhaps a
more relevant formulation of this question is: What
kinds of change should we strive to achieve using our
skills at developing agricultural technology, and on
whom should we focus our efforts?

First of all, it is clear that there are different
leveis of social change. One is macro-level structural
change. The major shifts taking place in Eastern
Europe are examples of this. They are characterized
by a major change in the role of the state, the cre-
ation of a new social class, the destruction of an
existing class, or changes in the distribution of power
among social classes.

Except in rare circumstances, like that of Eastern
Europe, most of us do not work in anticipation of
achieving results at this level. However desirable we
may view the need for fundamental change in social
structure, we usually assume these changes will
occur independently of our actions. There are excep-
tions to this, however, and some sociologists have
documented instances in which the introduction of
new agricultural technology in the Third World has
had the effect of weakening the situation of the poor-
est social classes (Pearse, 1980; Griffin, 1974; Deo &
Swanson, 1990). We do therefore need to be aware
of the potential impact the introduction of new tech-
nologies can have upon the social structure.

Two major sociological implications arise in con-
junction with the transfer of agricultural technology.
The first concerns what is to be transferred. | argue
that this question really reflects the issue of who is
involved in the definition of the problem that tech-
nology is intended to resolve. The second concern
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probes the issue of who should be the focus of our
efforts. | argue that the individual may not be the
appropriate unit on which to focus our attention.

Technology Transfer:
A Participatory Approach

One of my colleagues summed up the frustration
that social scientists often experience with technology
transfer by describing it as the process of tinkering
with reluctant human "software" to correctly utilize
laboratory designed "hardware" (McCorkle, 1989).
Technology transfer contains within it the notion that
farmers must somehow be persuaded to adopt tech-
nologies which are in their interest. The problem
here is that farmer interests are being defined by
policy makers, or academicians far removed from the
farm gate.

A substantially different approach is presented
by an emerging paradigm known as "participatory
research" (Chambers, 1983; Richards, 1985; Fernan-
dez & Salvatierra, 1989). In this approach, the prob-
lem definition, as well as much of the actual
research, is conducted by producers themselves,
Scientists do have a vital role, but they participate in
the capacity of consultants to participating producers
rather than as principal investigators. The advantage
here is that local interest in social change is maxi-
mized, and the prospects for self-reliant development
are improved over an effort engineered from the "out-
side."

Elements of this paradigm have already gained
recognition, particularly the notion of on-farm
research. However, potentially serious social barriers
remain to be overcome before this approach will see
greater use. In a sense, these issues all stem from
the perception that knowledge generated, at least
in part, in the field by farmers (rural people's know-
ledge) is of lesser social value than the same know-
ledge developed in the laboratory by scientists (scien-
tific knowledge). The functioning of this prejudice,
particularly among extensionists and scientists, has
been noted for some time (Chambers, 1983). | will
add that there sometimes exists a significant degree
of prejudice about rural people's knowledge among
rural people themselves,

Scientific knowledge, which has been developed
by a powerful, prestigious, and wealthy organization,
tends to confer power, prestige, and often wealth,
upon three groups — those who develop, distribute,
or use these technologies. Therefore, it is a cause
for some concern among these groups when a tech-
nology arrives which has been developed with the

extensive participation of individuals who tend to be
powerless, of low prestige, and who are poor,

One barrier to participatory research not often
discussed is that which exists among producers
themselves. Farmers may be reluctant to accept
technologies which have been developed by their
neighbors, even if those technologies are better
adapted to their needs than research station technol-
ogies. Lacking the association with wealth, power,
and prestige that research station knowiedge has,
indigenous knowledge begins at a disadvantage in
the eyes of some producers. The downgrading of
local capabilities is one of the most damaging lega-
cies of colonialism and dependency. Yet one solu-
tion is relatively simple. As professionals, we may
increasingly question the power, prestige, and (even
more likely) the wealth that we control, yet these
clearly are of some value as symbols influencing the
adoption decisions of farmers. In this sense, these
symbols represent a type of social, as well as real,
capital over which we exercise some control. To the
degree that we can validate rural people's knowledge
and problems through our professional talents, we
help reduce the negative meaning that "indigenous"
has for many people. Another more intuitive scenario
sidesteps the role of the professional altogether. If
indigenous knowledge is found to be useful, those
who adopt it will receive their own rewards, and
those who fail to, for whatever reason, will simply be
left behind.

Another involved group is the extension sector.
Richards (1985) has described an extension strategy
that he calls "sideways extension." In this approach,
the extension network actually assists in spreading to
other farmers the best of the innovations developed
by the farming sector (or “informal” sector). Although
Richards does not provide evidence, it is not hard to
imagine that this kind of activity would be viewed with
alarm by extensionists accustomed to a different flow
of information, and concerned about the potential
loss in prestige this represents for them, Richards
suggests one possible strategy. Recalcitrant exten-
sion agents could be replaced by successful farmer
innovators. Another strategy would be to place
greater emphasis on providing more occasions for
farmers to exchange information among themselves.
Expanded opportunities for field days, farmer orga-
nized workshops, and informal networks would also
be useful here.

A problem which strikes even closer to home for
many of us is that of apprehension over the status of
participatory research in the academic and donor
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community. As one researcher said, in describing
how the scientific community would probably react to
research on problems that peasants declared to be of
highest priority: "No Nobel prizes have been award-
ed for work on donkeys, goats or mules" (Chambers,
1983, p. 79). The editors and editorial policies of
academic journals influence what is published, and
therefore shape the academic reward structure for
those who do engage in participatory research with
farmers. The study of rural people’s knowledne is
unlikely to rank high on the list of pricrities of the
editer of "hard" scientific journals, which are distin-
guished by their rigorous standards (Chambers,
1983). Fortunately, there are a growing number of
journals (usually having a title beginning with "Ethno")
which actively seek these kinds of articles.

These admonitions are not intended to frighten
anyone away from doing participatory research. In
fact, | feel that it represents the best hope for agricul-
tural technology in contributing to rural social change.
This is another illustration of the degree to which the
development of agricultural technology is a social
process. The issues listed above simply represent
some of the next hurdles to be overcomz,

Individual Interest and
Community Impact

The other question | would like to examine is:
What is the appropriate social unit upon which to
focus our efforts? Most activities of sociologists par-
ticipating with agricultural development efforts are
directed at achieving change at the level of the indi-
vidual (producer). This is not to say that macro-level
issues, such as cultural, institutional, or policy factors
are unimportant — only that we usually assume our
time and efforts are best invested in understanding
and improving the situation of individuals.? As a
program of action, we are confident that if we can
improve the situation for an important segment of
individuals, this has major and beneficial conse-
juences for the larger social system.

One of the principal means for achieving social
change in the rural areas of the United States is the
diffusion of agricultural technology (Rogers et al.,
1988). The knowledge base surrounding the transfer
of agricultural technology tends to be directed toward
the level of the individual producer and, in particular,
on the decision of whether or not to adopt a new
agricultural practice. However, focusing exclusively
on the individual can have serious consequences for
programs interested in achieving social change.

The situation of economics is interesting in this
regard. Economics has become the most "scientific"
of the social sciences, perhaps partly because it is so
developed as to sometimes be the target of criticism
from the other social sciences. One criticism some-
times leveled at economic analysis concerns its
scope. From the perspective of sociology, much of
the power of economics comes at the cost of its limit-
ed scope. Nenclassical economic analysis tends to
be limited to those who are most directly involved in
an action — a decision to adopt an agricultural tech-
nology, for example. Usually left out of economic
analyses are those who are not parties to an action,
but who are nevertheless affected by the action. The
point here is that an action which maximizes your
utility function may have profound and negative con-
sequences for my utility function (Coleman, 1987).

One of my javorite illustrations of this point, and
one which | believe is highly relevant for semi-arid
agriculture, is the illustration of the tragedy of the
commons. Many livestock producing regions of the
world have pastureland which is held under common
property tenure. Garret Hardin (1968) argues that an
individual livestock producer will find it to be in his or
her individual interest to add additional animals to the
commons, since the benefits of doing so will accrue
to that individual, while the costs (in decreased
forage) will be borne by the other members of the
commons.

This kind of logic has been found to operate in
the western United States, where livestock operators
were accused of severely overgrazing the public
rangeland (Foss, 1960).2 However, the record is less
clear for traditional societies, a number of which have
apparently used common property for centurias
(Gilles & Jamtgaard, 1981). Runge (1981) points out
that the profit maximization calculation for each indi-
vidual actor is affected by the decisions of others
who also have rights to common resources. A simple
individual calculation of utility no longer models the
decision making process of producers using a com-
mon property resource. The problem to be overcome
in these situations is that of uncertainty. Given
assurances of the conservation-minded intentions of
others, the strategy for the individual becomes one of
curtailing behavior damaging to the common good as
weli.

In addressing the wider implications of this no-
tion, Coleman (1987) notes that social norms and
laws have the effect of entering the utility function of
individuals to constrain the individual from taking
actions which would have negative consequences for
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others. In other words, social norms represent a
claim by some wider group of people to control the
actions of individuals, even when following the norm
produces an outcome which represents something
less than would be the case if the individual's self-
interested actions were taken.

Relevance for Barley Producers
in Semi-Arid Regions?

Cultivated land is usually considered to be under
the control of individuals. However, at the margins of
agriculture, control is often times something less than
the unrestricted right to use and dispose of land that
we interpret as private control. This is particularly the
case in semi-arid and mountain areas where peas-
ants use extensive agricultural technologies. Fallow-
ing is a key regenerative feature of farming in margin-
al areas, and during the fallow stage, land is often
subject to rights by other members of the locality.

Guillet (1981), in discussing the case of cereal
and tuber producing regions of the Central Andes,
points out that community rules govern activities
during the cultivation stage. Rules regarding plant-
ing, harvesting, and crop rotation are essential fea-
tures of peasant agriculture in areas where special-
ization and intensification are difficult. These agricul-
tural systems are referred to as "sectoral fallowing
systems."* Land is divided into a number of seclors,
and households have access to plots within each of
the sectors. The length of time that sectors are culti-
vated varies, but the length of the fallow period ex-
ceeds the period that a sector is cultivated. Each
plot within a sector is sown to the same crop accord-
ing to an agreed upon rotation-fallow cycle. House-
holds have rights to cultivate plots within each of the
sectors, but they are constrained by community rules
governing the size and number of plots that they may
have, the crops that will be grown in the fields, and
the timing of planting and harvesting. Rights to culti-
vate plots are not permanent. Periodically there are
land redistributions which bring use rights into closer
alignment with need. During the period when a sec-
tor is fallow, other households have grazing rights to
the land that was previously held by a household,
and so land is also subject to usage rights which go
beyond the individual household.® As the possibilities
for agricultural intensification increase, as in the case
of irrigated land, the usefulness of communal controls
declines, and private control is more likely to be
found (Guillet, 1981).

Netting (1976) argues that there are several
types of land use exhibiting advantages for communal

rather than individual rights over land: (1) If the
value of the production per unit area is low, (2) if the
frequency and dependability of use or yield are low,
(3) if the possibilities for intensification or improve-
ment are few, (4) if the size of land surface required
for effective use is high, or (5) if the resource cannot
be effectively exploited by the labor and financial
resources of a single household. Semi-arid regions
where extensive farming techniques predominate
meet many of these conditions. Some communal
participation in dryland farming is therefore likely.
From the perspective of an individual, these repre-
sent significant externalities which serve to severely
constrain their utility functions. From a community
perspective, however, these rules offer a guaranteed
minimum livelihood, and assurances that there will be
opportunities to engage in vital strategies such as
labor exchanges. An individual who adopts a new
crop, or violates rules regarding the rest-rotation
cycle, poses a threat to those who have fewer
resources, and who depend upon devices such as
labor exchanges for survival; for this reason, innova-
tors are often severely sanctioned by the community.

This is not to say that change is impossible.
Historical studies of peasant communities in other
regions of the world have demonstrated that commu-
nities will adopt new agricultural technologies over
time (Vincze, 1980). The incorporation of a new crop
into the rotation cycle, or discarding the fallow cycle
in favor of a legume crop, are changes that sectoral
fallowing systems often undergo. These changes
tend to loosen the degree of communal control over
household production, expanding the degree of indi-
vidual control over production. The key to under-
standing change is that it is necessary to readjust the
unit under consideration from that of the individual to
the community. Change tak :s place as communities
of people collectively decide to relinquish certain
rights they have placed upon the use of resources.
Sometimes old communal rights are replaced with
rights by new collective bodies.

Bourdieu (1958) describes the traditional agricul-
ture of Arabic-speaking peoples. These bring to
mind similarities with peasant agriculture elsewhere.
There were once systems of sectoral fallowing with
annual redistributions. However, due to a number of
causes, these annual redistributions have tended to
be replaced by permanent rights to cultivate the
same plots. Certain rights are still held by a larger
unit than the individual — the extended family. Indi-
viduals have well-defined rights to farm property held
in joint possession by the extended family. In such
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cases, usage rights are more advantageous than
strict property rights for both individuals and extended
families. They provide a secure livelihood for those
individuals who would not be able to survive on the
scattered tiny plots to which they would be legally
entitied should property be distributed by a court.t
From the perspective of the community, joint posses-
sion provides a measure of protection from the
wastefulness of individuals, as well as from the
uncertainties of environment.

Just as for the members of Eastern Europe's
struggling collective farms, for peasant farmers in
semi-arid or mountain areas of the Third World,
achieving change requires first understanding the
needs addressed by existing production and social
systems, as well as the social norms which exist
concerning production. The next step is to work with
groups of farmers to achieve a consensus which
addresses collective concerns regarding proposed
changes. As one well-known sociologist pointed out:
“Much of what is ordinarily described as nonrational
or irrational is merely so because the observers have
not discovered the point of view of the actor, from
which the action /s rational" (Coleman, 1990, p. 18).

Endnotes

"It would also be incorrect to suggest that all
Eastern European farmers face this difficulty. Poland
never experienced the radical reform witnessed in
neighboring countries. The Economist ("No Yeomen
They," 1990, p. 16) also points out that farmers in the
Bihor district of central Romania are vigorously pursu-
ing privatization of their operations.

2Even if our goal is to achieve policy changes
within a society, we must at some point deal with
individuals who create and implement policy.

3A useful distinction should be made between
“common property" and "open access" (Runge,
1981). Open access, where overuse can be expect-
ed, is conceptually distinct from a commons. Where a
specific group of users can be identified, a structure
of usage rights tends to emerge. This is "common
property." Where there is no defined group of users,
and usage rights do not exist, the property may be
described as "open access." Calef (1960) argues that
in the case of the Western public rangelands, there
was a structure of usage rights among the rangers.
The problem was one of steady encroachment of
homesteaders upon the best lands, and the uncer-
tainty that this produced for ranchers who depended
upon these lands for grazing.

See Orlove and Godoy (1986) for a discussion
of these systems for the Central Andes.

Debate even occurs as to whether the stubble
from cereals is subject to the rights of the individual
as cultivators or the rights of the larger community as
pasturage (Jamtgaard, 1984).

Bourdieu (1958, p. 74) says that examples exist
of beneficiaries of inheritances being awarded "two or
three square centimeters from one hectare held by
several hundred joint owners."
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Global Status of Barley and

Its Constraints
D. H. B. Sparrow*

Global Status of Barley:
Area and Production

Barley has the widest geographical range of any
crop plant. It is grown on the Equator in Kenya and
Ecuador, within the Arctic Circle in Scandinavia and
Alaska, below sea level on the Dutch polders, and
high in the Andes.

In area and production, barley ranks fourth
among the cereals after wheat, rice, and maize.
Aithough its production is only one-third that of
wheat, its average yield on a world basis is compar-
able (Table 1). This is surprising because wheat is
more likely to be the favoured crop being grown on
the better soils with better fertilizer inputs. Wheat is
also more likely to be irrigated than barley where
water is available. Over the last 30 years the relative
proportions of wheat and barley have not changed
greatly, although there was a slight increase in barley
during the 1970's (Table 2).

On a regional basis, the greatest area and pro-
duction of barley is in the USSR, with 38% and 29%
respectively. Europe as a whole comes second in
area (24%), but with a greater production (40%) due
to the very high yields now being achieved in north-
western Europe (Tables 3 and 4).

Average yields by the regions, as depicted in
Table 3, tell an interesting story and may illustrate
possible future improvements in productivity. For
example, the very low yields for North Africa include
those from Eqgypt that are well above the average for
the region since some of the crop is irrigated. In
contrast, the Australian figure is about half a tonne
per hectare higher from closely similar climatic condi-
tions. The same comment could also apply to sever-
al of the semi-arid countries in Asia, where the aver-
age yields range from about 0.7 tonne/hectare to a
littte over 2 tonnes/hectare, approaching the level of
southern Europe, which is marginally semi-arid and
probably more intensively farmed. The yield levels in
the southern three countries of South America are
surprising given the excellent rainfall conditions of
Uruguay and parts of Argentina.

A rough calculation suggests that about a quar-
ter of the world barley area is grown under semi-arid
conditions to produce about 20% of the world crop.

A very high proportion of the world barley crop is
used in the country of origin. From figures available
(Table 5), only about 10% of the crop enters the
export market. This contrasts with wheat where the
figure 1s about 18%. The largest importer of barley is
Saudi Arabia, followed by the Soviet Union and East-
ern Europe; in addition, there are many smaller
importers. The European Commu